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Abstract: 

A data format and control protocol for a communication system is presented which allows purely photonic 
connections between network edge components. The format uses time slot based TDM channels to allow 
all optical switching of the channels between different signal paths in the switch nodes, and time slot by 
time slot WDM to reduce the probability of blocked connections. The connection protocol uses 
conventional least cosf path calculation algorithms to identify target connection routing through the 
network, a path integrity process to ensure capacity, and link removal and recalculation in cases of blocked 
connections. The time slot and wavelength map can be represented as a two dinfensional matrix. 
Availability calculations can be done using simple matrix logic operations. System operation with bands of 
optical wavelengths is discussed. 



CA 02339902 2001-03-07 



Provisional Patent Disclosure: 

Inventors: Cedric Don-Carolis, Peter Mcllroy 

Title: 

Photonic Communication System with Sub- ,v line rate" Bandwidth Granularity 

This disclosure relates to optical communication systems. It describes an improvement over existing 
optical communication systems: the provision of full optical management of data bandwidths less than the 
line rate of the transport on a given optical frequency. The disclosure describes a connection protocol for 
use with the described signaling format and switching method to enable connection oriented bandwidth 
management at the sub-lambda level. 



Outline 

Photonic communication systems which include switching nodes which route optical signals without 
converting the signal from optical to electrical signals and back to optical again (OEO conversions) are 
soon to move from the lab to practical deployment. These systems provide substantial benefits ova- 
existing systems, in which optical signals are switched almost exclusively in the electrical domain, but they 
also have shortcomings. These systems are based on switching all the data in a given wavelength from one 
path to another, resulting in either inefficient transport, due to low data rates, or excessively large 
bandwidths being switched. A key impediment to more efficient processing of the bandwidth is the data 
transmission format, typically SONET, which does not lend itself to simple optical management. An 
alternative method being pursued is the use of optical packet switching, in which, analogously with 
electrical packet switching, optical packets with associated routing information are transmitted and optical 
switches must determine the appropriate route for each packet. These systems must deal with contention 
for transmission resources at each node, require substantial effective bandwidth for each packet label, 
require extremely high speed optical switches, and require high speed processing at the nodes to determine 
the appropriate path through the node. An improvement is presented in this disclosure: the optical signal is 
presented to the network with a format conducive to optical management as a connection with a rate less 
than or equal to the line rate, but in a format which does not require very high speed operations, and 
photonic switches are employed which enable the bandwidth management. The optical path for data 
through the network is established once per connection, and so all contention issues can be resolved in 
longer times or the connection can be disallowed, without the danger of a partial connection. The removal 
of both the OEO operations and the need for large bandwidth aggregation machines (Terabit MPLS, ATM 
or STS cross connects) results in substantial savings in the capital and operating costs of a photonic 
network. 

Figure I describes the usage of various terms by way of a flow schematic. The communication system 
described relies on time domain multiplexed (TDM) and wavelength domain multiplexed (WDM) data 
units and optical switch nodes to provide the managed optical transport. (Figure 2) Each transmitter can 
provide a single colour at any given time, so the timeslot matrix is 'singly filled'. The optical switch nodes 
are able to route the optical data units (ODUs) through the nodes, and so overlay the link state matrices (fig. 
3) to make multiply filled matrices, with each ODU entering the switch from a fibre following the required 
path through the node and onto the appropriate output fibre . The ODUs exist as fixed length frames in 
time slots within a repeat interval. For example, sixty four 40 microsecond frames will fit within a 2.56 ras 
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repeat interval. If the nominal line rate is -10 Gb/s, then each frame within the repeat interval equates to a 
connection of -150 Mb/s. An managed granularity map (fig.4) for the example of an 80 wavelength 
system is shown for 1 slot, 16 slots and 64 slots per wavelength, demonstrating the improvement. A 
connection from a transmitter to a receiver is formed as an optical signal, which is transmitted in the correct 
timeslot and at the desired wavelength on the ingress optical fibre, and the path through the network, which 
is controlled by the optical switches through which it propagates (fig. 5). The choice of wavelength and 
timeslot for transmission is determined by the network connection setup system and connection setup 
protocol. Figure 6 shows how the system could be run in parallel with other systems in an optical network. 

Fig. 7 list some attributes of the invention. 

The precise timing of transmitter output is controlled by the system management to ensure the phase of the 
frames generated by the transmitter is aligned to the optical switch node timing when the frames arrive at 
the optical switch. Frames arriving from other switch nodes are phased appropriately by propagation 
through switched fibre delay line systems which align the frames to the switch operation. 

The protocol which controls the setup of a 'connection' is shown in figs. 7 to 15. 
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We claim: 

1 ) An optical communication system, in which: 

a) sub line-rate optical data streams are transmitted as frames of fixed duration, fixed repetition 
interval, fixed frame phase within the repetition interval, and fixed wavelength, each frame 
containing line-rate bursts and some overhead signaling; The data rate associated with one frame 
of data and its corresponding repeat interval being the base data rate, the total data rate of the 
frames within a repeat interval being the line-rate minus the bandwidth required for overhead 
signaling. The wavelength, local phase and fibre being the communication state for the data. 

b) each frame is transmitted to have a unique combination of wavelength and phase on any traversed 
fibre path from source to destination. 

c) photonic switch nodes are used to connect optical data presented at the input ports to appropriate 
output ports, each frame in a line-rate flow being routed individually. 

d) fully photonic connections between the source and destination are achieved through routing the 
frames from the transmitter to the receiver, ensuring there are never two frames of the same 
wavelength and local phase impressed on the same optical fibre. 

e) data rates higher than the base data rate are achieved through re-packaging the data into multiple 
base data rates. 

f) optical to electrical to optical conversion is performed as required to ensure signal fidelity. 

g) optical wavelength conversion may be performed as desired, providing the resulting frame will not 
exist in the same phase and fibre as another frame of the same wavelength 

h) a communication means exists for communicating between network elements. 

i) time delay means are used to align incoming frames of different wavelengths and on different 
fibres to allow synchronous optical switch operation. 
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